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Description 

The  present  invention  concerns,  in  general  terms, 
an  image  transfer  device  having  an  ink  reservoir  asso- 
ciated  with  at  least  an  ink  transfer  means. 

The  ink  reservoir  and  the  ink  transfer  means  can  be 
a  single  assembly,  or  alternatively  two  separate  struc- 
tures.  However,  in  any  case,  the  ink  reservoir  and  the 
ink  transfer  means  are  considered  by  a  user  as  a  unit, 
the  operation  of  which  is  to  be  checked.  The  invention 
relates  more  particularly  to  a  method  and  device  for 
checking  the  operation  of  a  unit  comprising  the  ink  res- 
ervoir  and  the  ink  transfer  means  of  an  image  transfer 
device. 

On  the  one  hand,  for  image  transfer  devices  which 
use  ink-jet  technology,  such  as  ink-jet  printers,  numer- 
ous  devices  and  methods  have  been  designed  to  detect 
the  absence  of  ink. 

A  first  known  type  of  detection  uses  the  electrical 
characteristics  of  ink  by  measuring  the  resistance  there- 
of  between  two  electrodes. 

The  document  EP-A-0  370  765  describes  a  detec- 
tion  device  comprising  two  electrodes  positioned  in  the 
channel  connecting  an  ink  ejection  head  to  the  ink  res- 
ervoir  and  a  means  of  detecting  the  electrical  resistance 
between  the  two  electrodes.  The  first  electrode  is  situ- 
ated  close  to  the  ejection  head  while  the  second  is  dis- 
tant  from  it.  A  potential  difference  is  applied  between 
these  two  electrodes.  The  resistance  of  the  ink  is  meas- 
ured  and  the  presence  or  absence  of  ink  is  deduced 
from  the  resistance  value  measured. 

The  two  electrodes  must  necessarily  be  spaced  a 
predetermined  distance  apart,  which  complicates  the 
production  of  the  ink  cartridge  or  ejection  head  and  in- 
creases  the  cost  of  production. 

Furthermore,  the  electrodes  placed  in  the  cartridge 
are  subjected  to  a  to-and-fro  movement  of  the  carriage 
moving  the  cartridge  along  the  sheet.  The  two-and-fro 
movement  disrupts  the  detection  of  the  level  of  ink  and 
therefore  renders  continuous  measurement,  that  is  to 
say  measurement  during  the  printing  of  the  document, 
difficult. 

Additional  connections  needed  to  detect  ink  must 
be  provided  in  the  interconnection  system. 

In  the  case  of  a  printer  having  several  ink  reservoirs, 
such  as  colour  printers,  electrodes  must  be  fitted  to  each 
of  the  reservoirs,  making  detection  devices  very  expen- 
sive. 

Additionally,  these  devices  do  not  detect  the  pres- 
ence  of  air  bubbles  in  the  ink,  air  bubbles  preventing  the 
full  reproduction  of  the  document.  It  has  been  observed 
that  the  problem  of  air  bubbles  is  particularly  significant 
for  image  transfer  devices  using  ink  cartridges  whose 
ink  reservoir  and  ejection  head  are  separate.  Further- 
more,  when  the  ink  reservoir  in  these  devices  is 
changed,  the  ejection  head  and  the  channel  connecting 
it  to  the  reservoir  are  totally  purged  to  evacuate  these 
air  bubbles. 

A  large  quantity  of  ink  is  thus  consumed  with  the 
sole  aim  of  evacuating  these  bubbles. 

A  second  known  type  of  detection  consists  of  repro- 
ducing  a  motif  on  the  document  to  be  printed  and  de- 

5  tecting  this  motif  by  means  of  an  optical  sensor.  This  is 
described  in  the  document  JP-A-6  126  951. 

The  second  type  of  detection  does  not  increase  the 
complexity  of  the  ink  cartridge,  but  the  use  of  an  optical 
sensor  increases  the  price  of  the  printing  device.  It  is, 

10  moreover,  necessary  to  add  a  printed  area  to  the  docu- 
ment,  for  example  a  black  square  at  the  foot  of  each 
page  printed,  which  impairs  the  quality  of  the  document 
reproduced.  This  type  of  ink  detection  can  therefore  be 
used  only  in  specific  applications. 

is  Optical  detection  is,  moreover,  sensitive  to  the  print- 
ing  medium  used,  and  to  the  ink.  Black  ink  on  white  pa- 
per  is  the  easiest  to  detect.  Today,  however,  numerous 
printing  media  exist,  for  example  coloured  paper,  recy- 
cled  paper  or  transparent  sheets.  Such  media  limit  the 

20  use  of  such  a  method. 
What  is  more,  if  air  bubbles  are  present  in  the  ink 

as  the  page  is  printed,  but  not  when  the  black  square 
used  for  detection  is  printed,  they  will  not  be  detected. 

Finally,  this  type  of  detector  is  difficult  to  use  for  col- 
25  our  printing.  This  is  because  a  detector  capable  of  rec- 

ognising  each  colour  used  is  required.  A  motif  of  each 
colour  must  be  printed  on  the  printing  medium. 

On  the  other  hand,  in  an  image  transfer  device  us- 
ing  ink  jet  technology,  such  as  an  inkjet  printer,  a  printing 

30  head  has  a  plurality  of  ink  transfer  means  in  the  form  of 
ejection  channels,  generally  identical  and  parallel, 
which  enable  several  drops  of  ink  to  be  ejected  simul- 
taneously  and  thus  increase  the  printing  speed  of  the 
image  transfer  device. 

35  In  order  to  obtain  good  reproduction  quality  for  doc- 
uments,  the  resolution,  that  is  to  say  the  number  of  dots 
printed  per  unit  surface  area,  must  be  high.  This  results 
in  an  increase  in  the  number  of  ink  ejection  channels 
per  unit  surface  area  and  a  reduction  in  their  diameter. 

40  The  size  and  density  of  the  ink  ejection  channels 
make  the  ink  ejection  means  complicated  to  use  and 
malfunctions  can  arise  therein.  These  malfunctions 
arise  notably  from  the  fact  that  one  or  more  channels  do 
not  eject  any  ink,  despite  an  ink  ejection  command 

45  transmitted  to  them,  modifying  the  printing  in  an  unde- 
sirable  fashion. 

The  causes  of  these  malfunctions  are,  for  example, 
an  impurity  blocking  the  ejection  channel,  or  some  ink 
which  has  dried  in  the  channel,  or  an  absence  of  ink  in 

so  the  channel. 
It  is  possible  to  provide  cleaning  and  purging  phas- 

es  for  the  ink  ejection  means  in  order  to  avoid  some  of 
these  malfunctions.  However,  these  phases  entail  a  sig- 
nificant  consumption  of  ink. 

55  The  present  invention  aims  to  overcome  the  draw- 
backs  of  the  prior  art,  by  providing  a  device  and  method 
for  checking  the  operation  of  a  unit  comprising  an  ink 
reservoir  and  an  ink  transfer  means  which  detect  any 

2 
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type  of  faulty  functioning  of  this  unit,  while  being  simple 
and  economical  to  use. 

In  the  course  of  their  research,  the  inventors  deter- 
mined  that,  by  transmitting  electrical  energy  to  the  ink 
contained  in  an  ejection  channel  and  analysing  the  ef- 
fect  produced,  it  is  possible  to  derive  information  on  the 
operation  of  the  unit  comprising  the  ink  reservoir  and  the 
channel  in  question. 

In  this  context,  the  invention  provides  a  device  for 
checking  the  operation  of  a  unit  comprising  an  ink  res- 
ervoir  connected  to  at  least  an  ink  transfer  means,  for 
an  image  transfer  device, 
characterised  in  that  it  includes: 

a  means  for  transmitting  energy  to  ink  contained  in 
the  ink  transfer  means,  and 

a  means  for  analysing  the  energy  transmitted  to  the 
ink,  with  a  view  to  checking  the  operation  of  said 
unit. 

The  invention  provides  a  device  for  checking  the  op- 
eration  of  a  unit  comprising  an  ink  reservoir  connected 
to  at  least  an  ink  transfer  means  for  an  image  transfer 
device, 
characterised  in  that  includes: 

a  means  for  generating  electrical  signals, 

a  means  for  transmitting  energy  from  the  electrical 
signals  to  ink  contained  in  the  ink  transfer  means, 

a  means  for  detecting  the  energy  transmitted  to  the 
ink,  and 

a  means  for  producing  signals  representing  the  op- 
eration  of  said  unit  according  to  the  energy  detect- 
ed. 

In  relation  to  this,  the  invention  proposes  a  method 
of  checking  the  operation  of  a  unit  comprising  an  ink  res- 
ervoir  connected  to  at  least  an  ink  transfer  means,  for 
an  image  transfer  device, 
characterised  in  that  it  includes  the  steps  of: 

transmitting  energy  to  ink  contained  in  the  ink  trans- 
fer  means,  and 

analysing  the  energy  transmitted  to  the  ink,  with  a 
view  to  checking  the  operation  of  said  unit. 

The  invention  provides  a  method  of  checking  the 
operation  of  a  unit  comprising  an  ink  reservoir  connect- 
ed  to  at  least  an  ink  transfer  means,  for  an  image  trans- 
fer  device, 
characterised  in  that  it  includes  the  steps  of: 

generating  electrical  signals,  to  transmit  energy 

from  the  electrical  signals  to  ink  contained  in  the  ink 
transfer  means, 

detecting  the  energy  transmitted  to  the  ink,  and 
5 

producing  signals  representing  the  operation  of  the 
ink  transfer  means  according  to  the  energy  detect- 
ed. 

10  The  device  and  method  according  to  the  invention 
have  not  only  the  advantage  of  resolving  the  technical 
problem  described  above,  but  also  the  advantage  of  re- 
quiring  few  modifications  to  the  image  transfer  device, 
and  therefore  being  inexpensive  and  adapting  to  a  large 

is  number  of  existing  image  transfer  devices,  such  as  ink 
jet  printers  or  laser  printers,  for  example. 

The  checking  device  according  to  the  invention  op- 
erates  whatever  the  type  of  ink  (colour,  composition, 
etc.),  with  the  sole  condition  that  it  must  be  conductive. 

20  "Ink"  is  here  used  to  mean  any  product  in  liquid,  solid, 
gaseous  or  powder  form  designed  to  modify  an  optical 
factor  of  the  printing  medium. 

Advantageously,  the  means  for  generating  electri- 
cal  signals  is  a  means  for  generating  control  signals  for 

25  the  ink  transfer  means.  The  means  for  generating  con- 
trol  signals  is  thus  used,  according  to  its  conventional 
function,  to  cause  the  ink  transfer  means  to  operate,  but 
also,  according  to  the  invention,  to  generate  signals 
serving  to  checkthe  operation  of  the  unit  comprising  the 

30  ink  reservoir  and  the  ink  transfer  means.  It  is  not,  there- 
fore,  necessary  to  provide  an  additional  means  for  gen- 
erating  electrical  signals  which  is  specific  to  the  inven- 
tion. 

A  first  embodiment  of  the  invention  is  directed  to  the 
35  detection  of  presence  or  absence  of  ink  in  the  ink  res- 

ervoir.  The  means  for  detecting  is  a  means  for  sensing 
electromagnetic  radiation. 

According  to  a  first  preferred  characteristic  of  the 
first  embodiment,  the  means  for  sensing  electromagnet- 

40  ic  radiation  is  a  metal  component  forming  an  antenna. 
Even  more  preferably,  the  means  for  sensing  electro- 
magnetic  radiation  is  a  metal  ribbon. 

Conventionally,  at  least  the  ink  transfer  device,  and 
more  generally  the  ink  reservoir  and  inktransfer  means, 

45  are  able  to  move  on  a  movement  path  opposite  a  print- 
ing  medium.  The  means  for  sensing  electromagnetic  ra- 
diation  is  then  advantageously  disposed  on  the  said 
movement  path,  and  preferably  extends  over  the  whole 
length  of  the  movement  path. 

so  Thus  the  detection  of  the  presence  or  absence  of 
ink  takes  place  in  the  course  of  the  operation  of  the  im- 
age  transfer  device,  and  preferably  during  the  whole  of 
this  operation.  The  absence  of  ink  is  able  to  be  detected 
in  real  time. 

55  As  a  variant,  the  means  for  sensing  electromagnetic 
radiation  is  disposed  on  the  ink  reservoir.  This  variant 
also  permits  immediate  detection  of  the  absence  of  ink. 

According  to  another  characteristic  of  the  invention, 

3 
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the  means  for  converting  the  electromagnetic  radiation 
sensed  comprises: 

a  comparator  for  comparing  a  signal  supplied  by  the 
means  of  sensing  with  a  reference  signal  and  sup- 
plying  the  signal  representing  the  presence  or  ab- 
sence  of  ink  in  the  reservoir,  according  to  the  result 
of  the  comparison.  Thus  the  presence  or  absence 
of  ink  in  the  reservoir  are  determined  with  respect 
to  a  threshold  which  is  preferably  adjustable. 

The  detection  device  according  to  the  first  embod- 
iment  of  the  invention  detects  both  a  "definitive"  ab- 
sence  of  ink  in  the  reservoir  when  the  latter  is  empty, 
and  a  "momentary"  absence  due  to  an  ink  bubble,  for 
example. 

Furthermore,  the  document  to  be  printed  is  not 
modified  by  the  operation  of  the  detection  device,  which 
thus  functions  without  the  user  being  aware  of  it,  for  as 
long  as  there  is  ink  in  the  reservoir. 

According  to  preferred  characteristics  of  the  first 
embodiment  of  the  invention,  the  ink  detection  method 
is  characterised  in  that  it  comprises  the  step  of  detecting 
the  energy  transmitted  to  the  ink  by  the  electrical  signals 
simultaneously  with  the  ink  transfer  step,  and  in  that  it 
comprises,  for  a  line  to  be  printed,  the  steps  of: 

detecting  the  energy  transmitted  to  the  ink  by  the 
said  electrical  signals  simultaneously  with  the  print- 
ing  of  the  line,  and 

interrupting  printing  if  the  energy  detected  is  below 
a  threshold  and  continuing  printing  if  it  is  not. 

Advantageously,  the  ink  detection  method  accord- 
ing  to  the  first  embodiment  of  the  invention  can  be  easily 
adapted  to  an  image  transfer  device  of  the  ink  jet  type 
comprising  a  number  of  ink  reservoirs.  The  inkdetection 
method  is  then  characterised  in  that  it  comprises  the 
steps  of: 

positioning  the  transfer  means  opposite  an  area  sit- 
uated  outside  the  printing  medium, 

controlling  the  ejection  by  the  transfer  means  of  a 
predetermined  number  of  ink  drops, 

detecting  the  energy  transmitted  to  the  ink  by  the 
said  electrical  signals  simultaneously  with  the  ejec- 
tion  of  ink, 

repeating  the  controlling  and  detecting  steps  for 
each  of  the  ink  reservoirs,  and 

activating  an  alarm  if  the  energy  detected  is  below 
a  threshold. 

Preferably,  the  ink  detection  method  is  then  imple- 

mented  between  the  printing  of  two  pages  of  a  docu- 
ment. 

According  to  another  characteristic,  the  ink  detec- 
tion  method  comprises  the  steps  of: 

5 
positioning  the  transfer  means  opposite  an  area  sit- 
uated  outside  the  printing  medium, 

controlling  the  ejection  by  the  transfer  means  of  a 
10  predetermined  number  of  ink  drops, 

detecting  the  energy  transmitted  to  the  ink  by  the 
said  electrical  signals  simultaneously  with  the  ejec- 
tion  of  ink,  and 

15 
repeating  the  steps  of  controlling  and  detecting  so 
long  as  the  energy  detected  is  below  a  threshold. 

Preferably,  the  area  situated  outside  the  printing 
20  medium  is  situated  level  with  a  pump  for  purging  the 

ejection  means.  The  method  is  then  able  to  be  used  to 
optimise  the  phase  of  purging  an  image  transfer  device 
of  the  ink  jet  type  whose  transfer  means,  or  ejection 
head,  is  not  integral  with  the  ink  reservoir.  When  the  res- 

25  ervoir  is  empty,  it  is  only  necessary  to  replace  the  latter 
with  a  reservoir  full  of  ink,  but  it  is  then  necessary  to 
pump  some  ink  to  purge  the  air  contained  in  the  channel 
connecting  to  the  head.  The  method  according  to  the 
invention  limits  the  quantity  of  ink  pumped  after  a 

30  change  of  ink  reservoir. 
A  second  embodiment  of  the  invention  is  directed 

to  the  checking  of  the  operation  of  the  ink  transfer 
means. 

According  to  a  first  preferred  characteristic  of  the 
35  second  embodiment  of  the  invention,  the  means  for 

transmitting  includes  a  first  capacitor  positioned  be- 
tween  the  means  for  generating  and  the  ink  transfer 
means.  Even  more  preferably,  the  first  capacitor  is  po- 
sitioned  between  a  means  of  triggering  the  transfer  of 

40  ink  and  the  ink  transfer  means.  The  energy  is  then  trans- 
mitted  by  capacitive  effect. 

In  the  case  of  a  plurality  of  ink  transfer  means,  the 
device  includes  a  means  for  transmitting  respectively  for 
each  transfer  means  of  the  said  plurality,  and  the  means 

45  for  transmitting  for  one  of  the  transfer  means  transmits 
energy  only  to  the  said  one  of  the  transfer  means.  It  is 
then  possible  to  checkthe  operation  of  each  of  the  trans- 
fer  means,  independently  of  the  other  transfer  means, 
and  thus  identify  any  defective  transfer  means  amongst 

so  all  the  transfer  means. 
Advantageously,  the  first  capacitor  has  a  pole 

formed  by  the  ink  contained  in  the  ink  transfer  means. 
Thus  the  presence  of  a  metal  electrode  in  contact  with 
the  inkcontained  in  the  transfer  means  is  avoided,  which 

55  electrode  would  complicate  manufacture  and  increase 
the  cost  thereof. 

When  an  insulant  is  situated  between  the  trigger 
means  and  the  inktransfer  means,  the  insulant  compris- 

4 
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es,  according  to  one  characteristic  of  the  invention,  an 
area  of  predetermined  thickness  adapted  to  form  a  die- 
lectric  of  the  first  capacitor  between  a  pole  situated  in 
the  trigger  means  and  the  pole  formed  by  the  ink  con- 
tained  in  the  ink  transfer  means.  The  area  of  predeter-  s 
mined  thickness  is  positioned  so  as  to  transmit  energy 
only  to  a  single  ink  transfer  means. 

When  the  characteristics  of  the  ink  are  modified,  for 
example  when  it  has  dried,  or  it  is  present  in  a  smaller 
quantity  in  the  ink  transfer  means,  thereby  affecting  the  10 
operation  of  the  ink  transfer  means,  the  electrical  char- 
acteristics  of  the  first  capacitor  are  also  modified,  which 
has  an  effect  upon  the  transfer  of  energy.  As  a  conse- 
quence,  the  changes  to  the  ink  in  the  transfer  means 
are  detected  by  the  invention.  15 

According  to  another  characteristic  of  the  second 
embodiment  of  the  invention,  the  means  for  detecting 
includes  a  second  capacitor.  Detection  is  thus  per- 
formed  by  capacitive  effect. 

Advantageously,  the  second  capacitor  has  a  first  20 
pole  formed  by  a  conductive  plate  and  a  second  pole 
formed  by  the  ink;  the  conductive  plate  is  preferably  po- 
sitioned  on  a  reservoir,  formed  at  least  partially  from  an 
insulating  material,  containing  ink  and  connected  to  the 
ink  transfer  means.  The  presence  of  an  electrode  in  con-  25 
tact  with  ink  is  thus  avoided,  which  simplifies  the  man- 
ufacture  of  the  reservoir. 

The  method  according  to  the  second  embodiment 
of  the  invention  is  applicable  to  a  plurality  of  ink  transfer 
means.  In  this  case,  it  includes  the  steps  of:  30 

generating  electrical  signals  to  transmit  energy  from 
the  electrical  signals  to  ink  contained  in  a  single  ink 
transfer  means  in  the  said  plurality, 

35 
detecting  the  energy  transmitted  to  the  ink,  and 

producing  signals  representing  the  operation  of  the 
said  single  ink  transfer  means  according  to  the  en- 
ergy  detected.  40 

These  steps  can  be  performed  for  each  of  the  ink 
transfer  means. 

According  to  characteristics  of  the  second  embod- 
iment  of  the  invention,  the  detection  step  includes  the  45 
step  of  deriving  a  first  signal  representing  the  said  en- 
ergy  detected,  and  the  production  step  includes  the  step 
of  converting  the  first  signal  to  a  second  signal  repre- 
senting  the  operation  of  the  ink  transfer  means. 

According  to  another  aspect,  the  invention  propos-  so 
es  a  printing  head  for  an  image  transfer  device,  including 
a  plurality  of  ink  transfer  channels,  characterised  in  that 
it  includes  for  each  channel  of  the  said  plurality  of  ink 
transfer  channels  a  means  of  transmitting  energy  to  ink 
contained  in  the  said  channel.  55 

According  to  yet  another  aspect,  the  invention  con- 
cerns  an  inkreservoirforan  image  transfer  device,  char- 
acterised  in  that  it  includes  a  conductive  plate  positioned 

on  an  external  face  of  the  reservoir  opposite  the  ink  con- 
tained  in  the  reservoir. 

The  printing  head  and  reservoir  are  designed  to  be 
used  according  to  the  invention,  and  afford  similar  ad- 
vantages  to  those  of  the  above  device  and  method. 

The  characteristics  and  advantages  of  the  present 
invention  will  emerge  more  clearly  from  a  reading  of  sev- 
eral  embodiments  illustrated  by  the  accompanying 
drawings,  in  which: 

Figure  1  is  a  block  diagram  of  an  embodiment  of  an 
image  transfer  device  according  to  a  first  and  a  sec- 
ond  embodiments  of  the  invention, 

Figure  2  is  a  diagrammatic  perspective  view  of  a 
printing  head  of  the  ink  drop  ejection  type,  used  in 
the  device  in  Figure  1  , 

Figure  3  is  a  diagram  of  the  electrical  part  of  ink 
ejection  means,  situated  in  the  printing  head  of  Fig- 
ure  2, 

Figure  4  is  a  diagram  of  a  part  of  the  control  means 
for  the  ink  ejection  means, 

Figure  5  is  a  perspective  view  of  part  of  the  image 
transfer  device  according  to  the  invention, 

Figure  6  is  a  simplified  diagrammatic  longitudinal 
section  of  an  ink  cartridge  according  to  the  second 
embodiment  of  the  invention, 

Figure  7  is  a  block  diagram  of  an  embodiment  of  a 
conversion  circuit  according  to  the  invention,  includ- 
ed  in  the  device  in  Figure  1  , 

Figure  8  is  a  timing  diagram  of  control  signals  ap- 
plied  to  the  ink  ejection  means  included  in  the  de- 
vice  in  Figure  1  , 

Figure  9  is  a  timing  diagram  of  signals  measured 
during  the  phase  of  checking  the  operation  of  the 
ink  reservoir  or  the  ink  ejection  means, 

Figure  10  is  a  first  embodiment  of  an  ink  detection 
algorithm  according  to  the  first  embodiment  of  the 
invention, 

Figure  1  1  is  a  second  embodiment  of  an  ink  detec- 
tion  algorithm  according  to  the  first  embodiment  of 
the  invention, 

Figure  1  2  is  a  third  embodiment  of  an  ink  detection 
algorithm  according  to  the  first  embodiment  of  the 
invention, 

Figure  13  is  a  simplified  diagrammatic  longitudinal 
section  of  a  portion  of  an  ink  ejection  means,  situ- 
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ated  in  the  printing  head  of  Figure  2,  and  used  in 
the  second  embodiment  of  the  invention, 

Figure  14  is  a  simplified  electrical  diagram  of  the 
electrical  part  of  the  ink  ejection  means  and  ink  car- 
tridge  according  to  the  second  embodiment  of  the 
invention,  and 

Figure  1  5  is  an  embodiment  of  an  operation-check- 
ing  algorithm  according  to  the  second  embodiment 
of  the  invention. 

Referring  to  Figure  1  ,  an  image  transfer  device  1  0 
according  to  the  invention  is  included  in  an  ink  jet  printer 
and  receives  data  to  be  printed  Dl  through  a  parallel  in- 
put  port  107  connected  to  an  interface  circuit  106.  The 
circuit  106  is  connected  to  an  ink  ejection  control  circuit 
1  1  0,  which  controls  an  ink  cartridge  111,  via  an  amplifi- 
cation  circuit  114. 

The  image  transfer  device  1  0  can  be  integrated  into 
any  image  or  data  processing  device  depicted  generi- 
cally  under  the  reference  numeral  11.  Thus  the  refer- 
ence  11  can  designate  generically  a  printer,  such  as  an 
ink  jet  printer  or  laser  printer,  or  a  facsimile  machine. 
The  components  other  than  those  of  the  image  transfer 
device  10  are  well  known  to  experts  and  are  conse- 
quently  neither  depicted  nor  described. 

The  ink  cartridge  111  is  replaceable  and  mounted 
on  a  carriage  moving  to  and  fro  in  translation  and  actu- 
ated  by  a  motor  102.  The  ink  cartridge  111  essentially 
includes  an  ink  reservoir  112  and  a  plurality  of  ink  trans- 
fer  means.  In  the  case  of  the  ink  jet  printer,  the  plurality 
of  ink  transfer  means  is  included  in  a  printing  head  or 
ejection  head  113  depicted  in  Figure  2  and  briefly  de- 
scribed  below. 

The  printer  also  has  a  main  data  processing  circuit 
1  00,  associated  with  a  read-only  memory  1  03  and  a  ran- 
dom  access  memory  109.  The  read-only  memory  103 
contains  the  operating  programs  for  the  main  process- 
ing  circuit  100  while  the  random  access  memory  109, 
also  associated  with  the  ink  ejection  control  circuit  110, 
temporarily  stores  the  data  Dl  received  through  the  in- 
terface  106  and  the  data  processed  by  the  main 
processing  circuit  100. 

The  main  processing  circuit  100  is  connected  to  a 
display  104,  on  which  the  main  processing  circuit  100 
controls  the  display  of  messages  representing  the  op- 
eration  of  the  printer.  The  main  processing  circuit  1  00  is 
connected  to  a  keypad  105,  including  at  least  one 
switch,  by  means  of  which  the  user  can  transmit  oper- 
ating  commands  to  the  printer. 

The  main  processing  circuit  100  is  also  connected 
to  the  motor  102  via  an  amplification  circuit  101.  The 
motor  102  moves  the  carriage  carrying  the  printing  car- 
tridge  111.  The  motor  102  is,  for  example,  a  stepping 
motor. 

The  main  processing  circuit  100  is,  finally,  connect- 
ed  to  a  control  circuit  117  for  controlling  a  purge  pump 

118.  The  purge  pump  118  serves  to  purge  the  printing 
head  113. 

As  Figure  2  shows,  the  printing  head  113  includes 
a  junction  pipe  200  connected  on  the  one  hand  by  a  filter 

5  to  the  ink  reservoir  1  1  2  (Figure  1  )  and  on  the  other  hand 
to  ink  ejection  means  208.  The  ink  ejection  means  208 
comprise  a  plurality  of  identical  parallel  ink  transfer 
means,  or  ejection  channels  204.  The  latter  are  ar- 
ranged  on  a  silicon  plate  206  which  is  itself  carried  by 

10  an  aluminium-based  plate.  The  ejection  channels  204 
are,  moreover,  integrated  into  a  glass  structure  207  cov- 
ering  the  silicon  plate.  The  ejection  channels  204  end  in 
respective  ink  ejection  orifices  203,  defined  in  a  front 
plate  209  situated  opposite  the  sheet  to  be  printed.  All 

is  the  orifices  203  are  disposed  side  by  side,  regularly 
spaced  along  a  straight-line  segment. 

Only  six  ejection  channels  204  are  depicted  in  Fig- 
ure  2.  In  practice,  the  printing  head  conventionally  in- 
cludes  some  several  tens  of  ejection  channels,  for  ex- 

20  ample  sixty  four. 
Each  ejection  channel  204  encloses  a  trigger  com- 

ponent,  for  example  in  the  form  of  a  resistance  205  form- 
ing  an  electro-thermal  converter.  According  to  a  variant 
not  shown,  the  trigger  component  is  a  piezoelectric  com- 

25  ponent.  Depending  on  the  data  to  be  printed  for  each 
position  of  the  printing  head  with  respect  to  the  printing 
medium,  such  as  a  sheet  of  paper,  resistances  205  are 
powered  for  a  predetermined  time.  The  energy  dissipat- 
ed  in  a  powered  resistance  205  vaporises  a  small  quan- 

go  tity  of  ink  situated  in  the  corresponding  ejection  channel 
204.  This  vaporisation  leads  to  the  formation  of  a  bubble 
of  ink  vapour,  and  a  drop  of  ink  is  ejected  from  the  cor- 
responding  orifice  under  the  effect  of  the  pressure  ex- 
erted  by  the  bubble. 

35  Referring  to  Figure  3,  the  printing  head  113  is  as- 
sumed  to  have  64  ejection  channels  204.  It  includes  64 
identical  heating  resistances  205  forming  electro-ther- 
mal  converters  integrated  into  the  ejection  channels 
204,  and  64  diodes  31  .  Each  resistance  205  is  in  series 

40  with  a  diode  31  and  this  connection  in  series  forms  a 
branch  of  a  matrix  network  with  one  of  eight  inputs  CM1 
to  CM8  and  one  of  eight  outputs  SG1  to  SG8  which  are 
the  cathodes  of  the  diodes  31  .  Each  of  these  branches 
is  associated  with  an  ejection  channel  204  and  forms  a 

45  circuit  for  triggering  this  channel.  Hereinafter,  an  input 
CM1-CM8  is  called  a  common  connection  point  while 
an  output  SG1-SG8  is  called  a  segment  connection 
point. 

Any  common  connection  point  CM1-CM8  is  con- 
so  nected  in  parallel  to  each  of  the  segment  connection 

points  SG1  to  SG8  through  a  branch  including  a  resist- 
ance  205  connected  to  the  anode  of  an  associated  diode 
31  .  The  cathode  of  the  diode  31  is  connected  to  the  seg- 
ment  connection  point  SG  1  to  SG8  in  question.  Any  seg- 

55  ment  connection  point  SG1-SG8  is  connected  in  parallel 
to  each  of  the  common  connection  points  CM1  to  CM8 
by  a  previously  described  branch. 

From  an  electrical  point  of  view,  the  segment  con- 

6 
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nection  points  SG  1  to  SG8  represent  the  individual  ejec- 
tion  signals  for  each  channel  and  are  connected  to  the 
ink  contained  in  the  reservoir  112,  via  the  ink  in  the  print- 
ing  head  113  and  the  junction  pipe  200.  The  ejection 
signals  for  each  channel  pass  an  area,  where  structur- 
ally  very  little  insulant  with  respect  to  the  ink  is  present, 
and  are  therefore  in  contact  by  capacitive  effect  with  the 
ink.  The  latter  is  therefore  polarised  according  to  the 
electrical  potential  of  these  points.  According  to  other 
embodiments,  the  relationship  between  the  segment 
connection  points  and  the  ink  is  of  the  resistive  type. 

With  reference  to  Figure  4,  the  amplification  circuit 
1  1  4  for  supplying  current  pulses  to  the  resistances  205 
includes  a  preamplifier  41  with  eight  inputs  and  eight 
outputs.  The  inputs  of  the  preamplifier  41  are  connected 
to  eight  control  outputs  COM1  to  COM8  of  the  ink  ejec- 
tion  control  circuit  110.  Each  of  the  control  outputs 
COM1  to  COM8  is  able  to  supply  a  control  signal,  also 
given  the  reference  COM1  to  COM8  in  order  to  simplify 
the  notation. 

The  outputs  of  the  preamplifier  41  are  connected  to 
eight  respective  inputs  of  a  switching  amplifier  43  con- 
nected  to  a  current  source  44.  The  eight  outputs  of  the 
switching  amplifier  43  are  respectively  connected  to  the 
common  connection  points  CM1  to  CM8  of  the  printing 
head  113. 

A  connection  point  CM1  to  CM8  is  fed  with  current 
by  the  source  44  according  to  the  control  signal  COM1 
to  COM8. 

A  second  switching  amplifier  42  includes  eight  in- 
puts  and  eight  outputs.  The  inputs  of  the  second  switch- 
ing  amplifier  42  are  connected  to  eight  outputs  SEG1  to 
SEG8  of  the  ink  ejection  control  circuit  110.  Each  of  the 
control  outputs  SEG1  to  SEG8  is  able  to  supply  a  control 
signal,  also  given  the  reference  SEG1  to  SEG8  in  order 
to  simplify  the  notation. 

The  outputs  of  the  second  switching  amplifier  42  are 
respectively  connected  to  the  segment  connection 
points  SG1  to  SG8.  The  second  switching  amplifier  42 
includes  a  common  earth  connection  and  connects  one 
of  the  segment  connection  points  SG1  to  SG8  to  earth 
when  a  signal  is  applied  to  its  corresponding  input  SEG1 
to  SEG8. 

Thus,  when  a  common  connection  point  is  supplied 
with  current  and  a  segment  connection  point  is  connect- 
ed  to  earth,  a  current  is  established  through  the  corre- 
sponding  resistance  205  in  response  to  the  control  sig- 
nals  generated  by  the  ink  ejection  control  circuit  110. 
The  ejection  channel  204  then  ejects  ink. 

The  amplification  circuit  114  is  carried  by  the  printer. 
With  reference  to  Figure  5,  the  image  transfer  de- 

vice  includes  a  carriage  60  for  carrying  the  printing  car- 
tridge  111.  The  carriage  is  driven  in  ato-and-fro  move- 
ment  on  a  movement  path  formed  by  guide  rails  67.  The 
motor  1  02  drives  the  carriage  60  by  means  of  a  belt  de- 
vice  63.  The  movement  path  is  parallel  to  a  line  on  a 
printing  medium,  not  shown,  such  as  a  sheet  of  paper. 

The  printing  medium  is  guided  and  held  by  a  guide 

and  bearing  roller  68. 
To  print  a  line  on  the  printing  medium,  the  ink  car- 

tridge  is  first  of  all  positioned  at  an  initial  position  oppo- 
site  the  start  of  the  line  to  be  printed,  and  then  the  ink 

5  cartridge  1  1  1  is  moved  on  the  movement  path  while  the 
ejection  control  circuit  110  causes  drops  of  ink  to  be 
ejected  according  to  the  data  to  be  printed.  When  the 
line  is  printed,  the  ink  cartridge  is  returned  to  its  initial 
position. 

10  As  a  variant,  the  image  transfer  device  includes  a 
movable  printing  head  and  a  fixed  reservoir  connected 
by  a  flexible  channel.  This  type  of  device  is  for  example 
used  to  print  on  cloth. 

According  to  another  variant,  the  image  transfer  de- 
15  vice  includes  a  printing  head  associated  with  a  reservoir 

of  reduced  volume,  the  printing  head  and  the  reservoir 
being  mobile.  The  reservoir  of  the  head  is  filled  period- 
ically  by  means  of  a  second  fixed  reservoir,  with  a  great- 
er  volume. 

20  The  printer  described  above  is  conventional  and 
well  known  to  experts.  It  will  not,  therefore,  be  detailed 
further. 

According  to  the  first  embodiment  of  the  invention, 
the  fact  that  the  ink  receives  energy  during  the  normal 

25  printing  process  is  exploited  to  determine  whether  there 
is  ink  present  in  the  reservoir,  or  whether  the  latter  is 
empty. 

The  inventors  have  observed  that  part  of  the  energy 
applied  to  the  resistance  205  is  transmitted  to  the  ink 

30  situated  in  the  ejection  channel  204,  and  then  to  all  the 
ink  contained  in  the  reservoir  112  through  the  junction 
pipe  200.  The  energy  transmitted  to  the  ink  produces 
electromagnetic  radiation.  The  electromagnetic  radia- 
tion  is  determined  by  the  presence  of  ink  in  the  ejection 

35  channel.  When  there  is  no  longer  any  ink  in  the  injection 
channel,  no  electromagnetic  radiation  is  produced. 

Thus,  according  to  the  first  embodiment  of  the  in- 
vention,  the  printer  comprises  in  general  terms  a  means 
for  transmitting  energy  to  ink  contained  in  the  inktrans- 

40  fer  means,  and  a  means  for  analysing  the  energy  trans- 
mitted  to  the  ink,  with  a  view  to  checking  the  operation 
of  the  ink  reservoir. 

The  printer  comprises  more  particularly  a  means  for 
detecting  the  energy  transmitted  to  the  ink.  In  the  first 

45  embodiment  of  the  invention,  the  means  for  detecting 
the  energy  is  a  means  for  sensing  the  electromagnetic 
radiation  produced  by  the  energy  transmitted  to  the  ink 
by  the  electrical  ink  ejection  control  signals.  The  printer 
also  comprises  a  means  of  converting  the  electromag- 

50  netic  radiation  sensed  into  a  signal  representing  the 
presence  or  absence  of  ink  in  the  reservoir. 

Thus,  as  can  be  seen  in  Figure  1  ,  a  detector  116  is 
connected  to  a  conversion  circuit  115,  itself  connected 
to  the  main  processing  circuit  100.  In  the  first  embodi- 

es  ment  of  the  invention,  the  detector  1  1  6  is  an  electromag- 
netic  sensor  1  1  6a.  The  electromagnetic  sensor  1  1  6a  de- 
tects  electromagnetic  signals  dependant  on  the  pres- 
ence  or  absence  of  ink  in  the  printing  head  1  1  3  and  con- 
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verts  the  electromagnetic  signals  received  into  an  elec- 
trical  signal.  The  electromagnetic  sensor  116a  supplies 
the  electrical  signal  to  the  conversion  circuit  115,  which 
supplies  in  response  the  main  processing  circuit  100 
with  an  item  of  binary  data  for  the  presence  or  absence 
of  ink. 

In  the  preferred  embodiment,  the  electromagnetic 
sensor  116a  is  a  long  metal  component  such  as  a  rib- 
bon.  The  electromagnetic  sensor  116a  is  for  example 
made  of  aluminium  or  another  conductive  material.  The 
electromagnetic  sensor  116a  is  disposed  on  the  move- 
ment  path  of  the  carriage  60  and  preferably  extends 
over  the  whole  length  of  travel  of  the  carriage  60  and 
consequently  that  of  the  ink  cartridge  111.  The  electro- 
magnetic  sensor  116a  is  substantially  parallel  to  the 
movement  path  of  the  ink  cartridge  111.  The  electromag- 
netic  sensor  116a  is  bonded  to  part  of  the  structure  of 
the  printing  device.  The  electromagnetic  sensor  detects 
electromagnetic  radiation  caused  by  the  transmission  of 
energy  to  the  ink  contained  in  the  reservoir  112  during 
the  printing  of  a  document.  By  virtue  of  the  long  config- 
uration  of  the  electromagnetic  sensor  116a  and  its  ar- 
rangement  on  the  length  of  the  travel  of  the  ink  cartridge 
111,  detection  is  carried  out  whatever  the  position  of  the 
ink  cartridge  111  on  the  movement  path. 

It  is  observed  that  the  electromagnetic  sensor  1  1  6a 
described  here  serves  as  an  antenna. 

As  already  stated,  the  transmission  of  energy,  and 
therefore  the  electromagnetic  radiation  in  the  first  em- 
bodiment  of  the  invention,  are  conditioned  by  the  pres- 
ence  of  ink  in  the  ejection  channels  204.  When  ink  is 
contained  in  the  reservoir  in  a  sufficient  quantity  to  feed 
the  ejection  channels  204,  energy  is  transmitted  to  the 
ink  contained  in  the  reservoir.  Detectable  electromag- 
netic  radiation  results  therefrom.  Conversely,  when 
there  is  not  sufficient  ink  in  the  reservoir  to  feed  the  ejec- 
tion  channels,  the  energy  is  not  transmitted  to  the  ink 
contained  in  the  reservoir.  There  is  no  electromagnetic 
radiation. 

To  detect  the  absence  or  presence  of  ink  in  the  res- 
ervoir,  the  electromagnetic  sensor  116a  detects  the  en- 
ergy  transmitted  to  the  ink  contained  in  the  reservoir,  by 
detecting  the  electromagnetic  radiation  caused  by  the 
transmission  of  energy. 

It  should  be  noted  that  if  there  are  air  bubbles  in  the 
ejection  channels,  leading  to  disruption  of  printing,  these 
air  bubbles  are  detected  by  the  electromagnetic  sensor 
1  1  6a  in  a  similar  manner  to  an  absence  of  ink  in  the  res- 
ervoir. 

The  man  skilled  in  tha  art  will  be  able  to  conceive 
variants.  Notably,  an  electromagnetic  sensor  can  be  po- 
sitioned  on  the  carriage  or  on  the  ink  reservoir.  The  sen- 
sor  is  thus  brought  closer  the  ink  to  be  detected. 

According  to  another  variant,  the  electromagnetic 
sensor  does  not  extend  over  the  whole  travel  of  the  ink 
cartridge  111,  but  only  over  an  area  of  this  travel.  In  par- 
ticular,  an  electromagnetic  sensor  can  be  positioned 
close  to  the  purge  pump  117  which  serves  to  clean  the 

ejection  head.  This  electromagnetic  sensor  is  more  par- 
ticularly  designed  for  use  with  the  third  algorithm  em- 
bodiment  described  with  reference  to  Figure  12. 

In  general,  only  one  electromagnetic  sensor  equips 
5  the  printer;  however,  it  is  possible  to  provide  several 

sensors  able  to  be  used  alternately. 
According  to  the  second  embodiment  of  the  inven- 

tion,  the  printing  head  is  modified  to  apply,  at  a  prede- 
termined  point,  an  electrical  signal  to  the  ink  contained 

10  in  any  one  of  the  ink  transfer  means,  in  this  case  any 
one  of  the  channels  204,  and  then  it  is  detected  whether 
there  results  therefrom  a  transmission  of  energy  to  the 
ink  in  the  reservoir  so  as  to  check  the  operation  of  the 
transfer  means  in  question,  in  this  case  the  channel  in 

is  question. 
Thus,  according  to  the  second  embodiment  of  the 

invention,  the  printer  includes,  in  general  terms,  a 
means  for  transmitting  energy  to  ink  contained  in  the  ink 
transfer  means,  a  means  for  analysing  the  energy  trans- 

20  mitted  to  the  ink,  with  a  view  to  checking  the  operation 
of  the  ink  transfer  means. 

More  particularly,  the  printer  comprises  a  means  for 
generating  electrical  signals,  a  means  for  transmitting 
energy  from  the  electrical  signals  to  ink  contained  in  the 

25  ink  transfer  means,  a  means  for  detecting  the  energy 
transmitted  to  the  ink,  and  a  means  for  producing  signals 
representing  the  operation  of  the  ink  transfer  means  ac- 
cording  to  the  energy  detected. 

Figure  6  depicts  diagrammatically  the  ink  reservoir 
30  r  1  1  2  connected  to  the  printing  head  1  1  3  by  the  junction 

pipe  200,  in  the  case  of  the  second  embodiment  of  the 
invention. 

The  reservoir  112  is  formed  by  a  casing  made  of 
plastic  1  1  9  in  which  a  spongy  body  impregnated  with  ink 

35  is  placed.  The  detector  116  is  a  conductive  plate  116b 
which  is  positioned  against  an  external  face  of  the  cas- 
ing  1  1  9.  The  conductive  plate  1  1  6b  is  made  of  metal,  for 
example  aluminium,  or  another  conductive  material. 
The  casing  1  1  9  is  insulating,  at  least  in  the  area  situated 

40  between  the  plate  116b  and  the  ink.  The  plate  116b  is 
covered  with  a  plastic  plate  120  to  insulate  it  electrically 
and  protect  it  against  impacts. 

The  ink  contained  in  the  reservoir  1  1  2  and  the  plate 
116b  form  a  capacitor  121.  The  area  of  the  casing  119 

45  situated  between  the  ink  contained  in  the  reservoir  112 
and  the  plate  116b  forms  the  dielectric  of  the  capacitor 
121. 

The  metal  plate  1  1  6b  is  connected  to  the  conversion 
circuit  115  (Figure  1),  itself  connected  to  the  main 

so  processing  circuit  100.  When  the  metal  plate  116b  re- 
ceives  an  electrical  signal  coming  from  the  reservoir 
112,  the  plate  116b  supplies  the  electrical  signal  to  the 
conversion  circuit  115  which,  in  response,  supplies  in- 
formation  on  the  normal  or  abnormal  operation  of  the 

55  ink  ejection  means  to  the  main  processing  circuit  100. 
Figure  7  depicts  a  preferred  embodiment  of  the 

conversion  circuit  1  1  5  which  comprises  a  comparator  73 
for  comparing  a  signal  supplied  by  the  detector  1  1  6  with 
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a  reference  signal  TR,  and  supplying  the  logic  signal  EL 
according  to  the  result  of  the  comparison. 

In  the  first  embodiment  of  the  invention,  the  conver- 
sion  circuit  115  comprises  an  amplifier  71  connected  to 
an  envelope  detector  72.  The  envelope  detector  72  is 
connected  to  a  first  input  to  the  comparator  73.  An  ad- 
justable  voltage  generator  74  is  connected  to  a  second 
input  of  the  comparator  73.  An  output  from  the  compa- 
rator  73  is  connected  to  the  processing  circuit  100. 

In  the  second  embodiment  of  the  invention,  the  con- 
version  circuit  115  is  identical,  except  it  does  not  com- 
prise  the  envelope  detector,  the  amplifier  being  directly 
connected  to  the  comparator. 

The  detector  116  supplies  an  electrical  signal  S1  to 
the  amplifier  71  ,  which  amplifies  the  electrical  signal  S1 
in  terms  of  current  and  voltage  so  as  to  facilitate  the  sub- 
sequent  processing.  The  electrical  signal  S1  is  a  func- 
tion  of  the  normal  or  abnormal  operation  of  the  ink  res- 
ervoir  and  the  ink  ejction  means. 

In  the  first  embodiment,  the  electrical  signal  S1  is 
more  particularly  a  function  of  the  electromagnetic  radi- 
ation  detected,  and  therefore  of  the  energy  transmitted 
to  the  ink  contained  in  the  reservoir,  and  consequently 
of  the  presence  or  absence  of  ink  in  the  reservoir. 

In  the  second  embodiment,  the  electrical  signal  S1 
is  more  particularly  a  function  of  the  normal  or  abnormal 
operation  of  the  ink  ejction  means. 

In  the  first  embodiment,  the  amplifier  71  supplies 
the  amplified  signal  SA  to  the  envelope  detector  72 
which  determines  the  amplitude  of  the  amplified  signal. 
The  output  signal  S2  from  the  envelope  detector  72  is 
supplied  to  the  comparator  73  for  comparison  with  the 
continuous  adjustable  reference  voltage  TR  supplied  by 
the  generator  74.  The  value  of  the  reference  voltage  TR 
is  a  decision  threshold  whose  mode  of  selection  will  be 
disclosed  hereinafter. 

In  the  second  embodiment,  the  amplifier  71  sup- 
plies  the  amplified  signal  SA  to  the  comparator  73  for 
comparison  with  the  continuous  adjustable  reference 
voltage  TR. 

Adjusting  the  reference  voltage  TR  enables  the  total 
gain  of  the  device  115  with  its  associated  detector  116 
to  be  adjusted  simply  by  varying  the  decision  threshold. 

If  the  envelope  detector  72  supplies  a  signal  S2 
above  the  decision  threshold  TR  delivered  by  the  gen- 
erator  74,  the  comparator  73  delivers  a  logic  high  or  1 
(TTL  level)  state  EL  to  the  processing  circuit  100.  In  the 
contrary  case,  the  comparator  73  delivers  a  logic  low  or 
0  state  EL  to  the  processing  circuit  100. 

Figure  8  depicts  a  timing  diagram  of  control  signals 
generated  by  the  ink  ejection  control  circuit  1  1  0.  Signals 
COM1  to  COM8  supplied  respectively  to  the  outputs 
COM1  to  COM8  are  at  a  high  level  for  a  period  deter- 
mined  successively  and  cyclically  so  that  the  common 
connection  points  CM1  to  CM8  are  selected  successive- 
ly  throughout  the  corresponding  control  pulse  period.  At 
a  given  moment,  the  group  of  eight  branches  205,  31 
corresponding  to  the  selected  common  connection  point 

CM1  -CM8  is  liable  to  have  a  current  passing  through  it. 
Simultaneously,  the  signals  SEG  1  to  SEG8  are  gen- 

erated  selectively  according  to  the  data  to  be  repro- 
duced.  A  signal  SEG1  to  SEG8  at  a  high  level  selects  a 

5  respective  segment  connection  point  SG1  to  SG8. 
Each  pulse  (high  level)  appearing  at  an  output 

SEG  1  to  SEG8  of  the  ink  ejection  control  circuit  1  1  0  lasts 
around  half  the  period  of  the  pulse  supplied  to  an  output 
COM1  to  COM8.  The  pulses  SEG1,  SEG3,  SEG5  and 

10  SEG7  of  odd  rank  are  generated  during  the  first  half  of 
the  corresponding  pulse  COM1  to  COM8  while  the  puls- 
es  SEG2,  SEG4,  SEG6andSEG8of  even  rankare  gen- 
erated  during  the  second  half  of  the  corresponding  pulse 
COM1  to  COM8. 

is  The  signals  COMn  and  SEGm  control  the  operation 
of  one  of  the  ejection  channels  204.  An  ejection  channel 
204,  corresponding  to  a  branch  205,  31  between  a  com- 
mon  connection  point  CMn,  with  n  between  1  and  8,  and 
a  segment  connection  point  SGm,  with  m  between  1  and 

20  8,  has  a  current  passing  through  it  for  a  period  of  time 
during  which  the  common  connection  point  and  seg- 
ment  connection  point  in  question  are  selected  simulta- 
neously. 

Thus,  in  the  example  in  Figure  8,  the  control  signal 
25  COMn,  applied  to  the  common  connection  point  CMn, 

is  at  a  high  level  during  a  period  of  time  t0-t3,  and  the 
control  signal  SEGm,  applied  to  the  segment  connection 
point  SGm,  is  at  a  high  level  during  the  period  of  time 
t1  -t2,  with  t0,  t1  ,  t2  and  t3  moments  such  that  the  relation- 

30  ship  t0<t1<t2<t3  is  verified. 
Thus  the  branch  205,  31  between  the  common  con- 

nection  point  CMn  and  the  segment  connection  point 
SGm  has  a  current  passing  through  it  for  the  period  of 
time  t-,-t2. 

35  According  to  the  first  embodiment  of  the  invention, 
the  signals  COMn  and  SEGm  are  used  to  check  the  op- 
eration  of  the  ink  reservoir. 

According  to  the  second  embodiment  of  the  inven- 
tion,  the  signals  COMn  and  SEGm  are  used  to  check 

40  the  operation  of  the  ejection  channel  associated  with 
them. 

Figure  9  depicts  two  examples  of  amplified  signals 
SA1  and  SA2  leaving  the  amplifier  71,  corresponding 
respectively  to  two  possible  cases  of  operation,  when 

45  the  control  signals  COMn  and  SEGm  in  Figure  8  are  ap- 
plied  to  the  printing  head  113. 

As  a  variant,  the  electrical  signals  applied  to  the 
printing  head  1  1  3  to  check  the  operation  of  the  ink  res- 
ervoir  and  the  ejection  channels  are  specific  and  differ- 

so  ent  from  the  printing  control  signals.  For  example,  the 
pulses  have  shorter  durations  than  the  pulses  for  print- 
ing,  so  as  not  to  eject  ink,  while  being  sufficiently  long 
to  transmit  energy  to  the  ink. 

The  electrical  signals  are  preferably  supplied  by  the 
55  control  circuit  1  1  0.  However,  it  is  also  possible  to  provide 

a  specific  circuit  to  supply  the  electrical  signals  used  to 
check  the  ink  reservoir  and  the  ejection  channels. 

The  first  signal  SA1  corresponds  to  normal  opera- 
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tion  of  the  ink  reservoir  and  the  printing  head,  that  is  to 
say  ink  is  present  in  the  reservoir  and  the  ejection  chan- 
nel  204.  The  signals  COMn  and  SEGm  control  the  pas- 
sage  of  an  electrical  signal  through  the  resistance  205 
and  diode  31  associated  with  them.  This  electrical  signal 
transmits  energy  to  the  ink  contained  in  the  channel  204 
in  question.  The  energy  is  then  transmitted  to  the  ink 
contained  in  the  reservoir  112,  and  then  to  the  circuit 
115. 

The  threshold  TR  is  selected  so  that  the  signal  SA1 
is  above  the  threshold  in  the  period  of  time  t0-t1  and  in 
the  period  of  time  t2-t3,  corresponding  to  a  high  level  of 
the  control  signal  COMn  and  to  a  simultaneous  low  level 
of  the  control  signal  SEGm. 

In  the  period  of  time  t-,-t2  corresponding  to  a  high 
level  of  the  control  signals  COMn  and  SEGm,  the  signal 
SA1  becomes  negative,  and  therefore  belowthe  thresh- 
old  TR. 

The  second  signal  SA2  corresponds  to  a  case 
where  there  is  no  longer  any  ink  in  the  channel  204  in 
question.  The  threshold  TR  is  selected  so  that  the  signal 
SA2  is  above  the  threshold  TR  for  substantially  the  pe- 
riod  t0-t3,  and  at  least  during  the  period  t-,-t2,  which  gives 
a  second  selection  criterion  for  the  threshold  TR. 

According  to  one  example  embodiment,  the  thresh- 
old  TR  equals  2  volts,  and  the  signals  SA1  and  SA2  have 
a  maximum  value  of  2.5  volts. 

Referring  to  Figure  10,  a  first  embodiment  of  an  al- 
gorithm  according  to  the  first  embodiment  of  the  inven- 
tion  is  stored  in  the  read-only  memory  1  03  of  the  printing 
device.  The  algorithm  comprises  steps  E10  to  E16, 
which  pass  in  parallel  with  the  main  data  printing  and 
control  programs  of  the  printing  device  assembly.  The 
algorithm  checks  the  operation  of  the  ink  reservoir. 

Step  E10  is  an  initialisation  of  the  algorithm  corre- 
sponding  to  the  start  of  printing  of  a  page  of  a  document. 
Step  E10  is  followed  by  step  E11,  which  consists  of 
checking  whether  a  line  skip  will  be  made  by  the  carriage 
60  moving  the  ink  cartridge  111  .  This  line  skip  is  identi- 
fied  by  the  absence  of  data  to  be  printed  simultaneously 
with  the  fact  that  the  carriage  does  not  move  the  head 
horizontally.  When  the  response  is  positive,  the  algo- 
rithm  returns  to  step  E11.  This  is  because  none  of  the 
signals  COM1  to  COM8  and  SEG1  to  SEG8  has  been 
applied  to  the  head  in  order  to  eject  ink,  and  so  no  elec- 
tromagnetic  radiation  caused  by  printing  occurs. 

When  the  response  is  negative,  the  algorithm 
moves  to  step  E12.  In  this  case,  the  carriage  will  move 
in  translation  opposite  the  printing  medium.  The  signals 
COM  and  SEG  are  activated  so  as  to  eject  ink  to  form 
the  characters  to  be  printed.  Electromagnetic  radiation 
is  produced  in  the  ink  cartridge  111  which  is  then  sensed 
by  the  sensor  1  1  6a  and  then  processed  by  the  conver- 
sion  circuit  115,  which  supplies  the  processing  circuit 
100  with  a  logic  high  or  low  EL  representing  the  pres- 
ence  or  absence  of  ink  in  the  ink  cartridge  111  .  The  logic 
state  EL  is  the  result  of  the  detection  of  the  energy  trans- 
mitted  to  the  ink  contained  in  the  reservoir  112.  At  step 

E12,  the  processing  circuit  100  reads  the  value  of  the 
logic  state  EL  and  stores  it  in  the  random  access  mem- 
ory  109. 

The  following  step  E1  3  checks  whether  the  carriage 
5  60  returns  to  its  initial  position  at  the  edge  of  the  page, 

which  corresponds  to  the  end  of  printing  of  a  line.  So 
long  as  the  response  is  negative,  that  is  to  say  the  cur- 
rent  line  is  not  completely  printed,  the  algorithm  returns 
to  step  E12.  The  loop  formed  by  steps  E12  and  E13 

10  leads  to  the  storage  of  a  succession  of  logic  states  EL 
corresponding  to  the  printing  of  a  line.  When  the  car- 
riage  returns  to  its  initial  position,  the  algorithm  moves 
to  step  E14. 

The  algorithm  checks  at  step  E14  whether  at  least 
is  one  logic  high  or  1  EL  has  been  stored  at  step  E12. 

An  affirmative  response  corresponds  to  the  detec- 
tion  of  radiation  corresponding  to  normal  operation,  that 
is  to  say  the  presence  of  ink  in  the  reservoir  112.  The 
algorithm  then  returns  to  step  E11  to  test  the  printing  of 

20  the  following  line. 
A  negative  response  at  step  E  1  4  corresponds  to  the 

absence  of  ink  in  the  reservoir  112.  The  algorithm  moves 
to  step  E15  to  display  an  error  message  on  the  display 
1  04  for  the  user.  The  current  printing  is  interrupted  and 

25  the  data  still  to  be  printed  are  stored. 
The  following  step  E16  consists  of  awaiting  inter- 

vention  by  the  operator.  When  he  replaces  the  empty 
cartridge  with  a  fresh  ink  cartridge,  he  activates  a  reset 
button  on  the  keypad  105  which  enables  the  device  to 

30  resume  a  normal  operating  mode.  The  algorithm  then 
returns  to  step  E10. 

As  a  variant,  step  E1  2  stores  the  logic  state  EL  only 
if  it  is  high.  A  working  variable  is  initialised  at  0  at  the 
start  of  each  printing  line.  The  working  variable  is  equal 

35  to  1  if  at  least  one  logic  high  is  read  at  step  E12  effected 
during  the  looping  E12-E13  corresponding  to  a  line. 
Step  E  1  4  tests  the  value  of  the  working  variable. 

According  to  another  variant,  step  E14  uses  corre- 
lation  measurements  between  the  signals  COM1  to 

40  COM8  and  SEG1  to  SEG8  and  the  logic  state  EL,  so  as 
to  improve  the  quality  of  the  decision.  The  reading  of  the 
logic  state  EL  takes  place  only  after  the  signals  COM1 
to  COM8  and  SEG1  to  SEG8,  taking  account  of  the  sig- 
nal  propagation  times.  This  variant  enables  background 

45  noise  to  be  eliminated. 
According  to  a  further  variant,  the  tests  are  not  ef- 

fected  line  by  line  (steps  E11  to  E14),  but  according  to 
a  predetermined  period  of  time. 

Figure  11  depicts  a  second  embodiment  of  an  al- 
so  gorithm  according  to  the  first  embodiment  of  the  inven- 

tion.  This  algorithm  is  stored  in  the  read-only  memory 
1  03  of  the  printing  device  depicted  in  Figure  1  .  This  al- 
gorithm  checks  the  operation  of  the  ink  reservoir. 

The  algorithm  comprises  steps  E20  to  E27.  This 
55  embodiment  is  more  particularly  designed  to  check  for 

the  presence  of  ink  in  an  image  transfer  device  of  the 
ink  jet  type  having  several  ink  cartridges  each  compris- 
ing  a  reservoir  and  an  ejection  head.  Such  a  device  is, 
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for  example,  a  colour  printer.  The  test  for  the  presence 
or  absence  of  ink  is  effected  between  the  printing  of  two 
pages. 

At  step  E20,  the  printing  head  is  positioned  opposite 
an  area  situated  outside  the  printing  medium,  for  exam- 
ple  level  with  a  purge  pump  serving  to  clean  the  ejection 
head  of  ink  bubbles  formed  therein. 

A  selection  variable  n  is  initialised  at  1  .  The  variable 
n  selects  the  various  reservoirs  and  associated  ejection 
heads.  For  example,  in  the  case  of  N  =  4  reservoirs  of 
inks  of  different  colours,  the  correspondence  between 
the  variable  n  and  the  reservoirs  is: 

n  =  1  :  black  reservoir  selected, 
n  =  2:  yellow  reservoir  selected, 
n  =  3:  cyan  reservoir  selected  and 
n  =  4:  magenta  reservoir  selected. 

At  the  following  step  E21,  the  ink  ejection  control 
circuit  110  generates  the  electrical  pulses  required  to 
eject,  for  example,  ten  drops  of  ink  of  the  colour  corre- 
sponding  to  the  reservoir  N. 

As  a  variant,  the  electrical  pulses  generated  have  a 
sufficient  duration  to  transmit  energy  to  the  ink  and  pro- 
duce  electromagnetic  radiation  while  being  too  short  to 
allow  the  ejection  of  ink  drops. 

Then,  step  E22  is  the  reading  of  the  logic  state  EL 
supplied  by  the  comparator  73  to  the  processing  circuit 
100. 

The  algorithm  checks  at  step  E23  whether  the  logic 
state  read  equals  1  .  If  the  result  is  positive,  this  means 
that  ink  is  present  as  normal  in  the  reservoir  N.  The  al- 
gorithm  then  moves  to  step  E25.  If  the  result  is  negative, 
this  indicates  an  absence  of  ink  in  the  reservoir  N.  The 
algorithm  then  moves  to  step  E24,  to  activate  an  alarm, 
for  example  by  displaying  an  error  message  on  the  dis- 
play  1  04  for  the  user.  The  algorithm  then  moves  to  step 
E25. 

Step  E25  increments  the  variable  n  by  one  unit,  to 
move  to  another  reservoir.  Step  E26  checks  whether  n 
is  equal  to  5.  If  the  response  is  negative,  at  step  E26  the 
algorithm  returns  to  step  E21  to  test  another  reservoir. 
If  the  response  is  positive,  this  means  that  the  four  res- 
ervoirs  of  the  printer  have  been  checked.  The  algorithm 
moves  to  step  E27  to  end  the  test. 

Referring  to  Figure  12,  a  third  embodiment  of  an 
algorithm  according  to  the  first  embodiment  of  the  in- 
vention  is  stored  in  the  read-only  memory  103  of  the 
printing  device  depicted  in  Figure  1  .  The  algorithm  com- 
prises  steps  E30  to  E34.  This  algorithm  is  more  partic- 
ularly  designed  to  check  for  the  presence  of  ink  in  an 
image  transfer  device  of  the  ink  jet  type  whose  ejection 
head  is  not  integral  with  the  ink  reservoir. 

This  type  of  arrangement  affords  the  advantage  of 
needing  to  replace  only  the  reservoir  when  it  is  empty 
and  reusing  the  ejection  head.  However,  it  is  then  nec- 
essary  to  purge  the  air  contained  in  the  connection 
channel  to  the  head  before  recommencing  printing.  To 

this  end,  ink  is  pumped  by  the  pump  117,  generally  in 
an  excessive  quantity  to  ensure  that  the  air  is  completely 
purged. 

The  third  embodiment  optimises  the  pumping 
5  phase  by  limiting  the  quantity  of  ink  pumped  during  a 

change  of  ink  reservoir.  This  embodiment  preferably  us- 
es  the  electromagnetic  sensor  which  is  positionned 
close  to  the  purge  pump,  as  previously  described. 

Step  E30  is  the  positioning  of  the  ejection  head  level 
10  with  the  purge  pump  117. 

At  step  E31,  the  electrical  pulses  required  to  eject 
50  ink  drops  are  generated  by  the  control  circuit  110 
while  the  purge  pump  is  activated. 

The  logic  state  EL  supplied  by  the  comparator  73 
is  to  the  processing  circuit  100  is  read  at  step  E32. 

Step  E33  tests  the  value  of  the  logic  state  read  in 
the  preceding  step.  If  it  is  equal  to  0,  this  means  that  the 
ink  has  not  reached  the  level  of  the  ejection  head  and  it 
is  necessary  to  carry  out  another  purge  step.  The  algo- 

20  rithm  returns  to  step  E31  . 
If  the  logic  state  read  is  equal  to  1  ,  there  is  then  suf- 

ficient  ink  in  the  ejection  head.  The  device  is  ready  to 
print  and  the  algorithm  moves  to  the  end  step  E34. 

As  a  variant,  the  third  embodiment  can  be  easily 
25  adapted  to  a  colour  printer  having  several  ink  reservoirs 

of  different  colours  and  a  single  printing  head  and  also 
having  a  purge  device  to  clean  the  channels  of  the  print- 
ing  head  between  the  use  of  two  different  colours  of  ink. 

Figure  13  depicts,  in  a  simplified  diagrammatic 
30  form,  the  configuration  of  an  embodiment  of  an  inktrans- 

fer  means,  in  this  case  an  ejection  channel  204  in  lon- 
gitudinal  cross  section.  This  embodiment  of  ejection 
channel  corresponds  more  particularly  to  the  second 
embodiment  of  the  invention.  The  resistance  205  asso- 

35  ciated  with  the  channel  204  is  positioned  in  the  vicinity 
of  the  latter  so  as  to  heat  the  ink  contained  in  the  channel 
204  when  a  current  passes  through  the  resistance  205. 
The  resistance  205  is  connected  to  the  anode  31  a  of  the 
diode  31  ,  itself  connected  to  a  segment  connection  point 

40  SEG1  to  SEG8,  not  shown  in  Figure  13. 
In  the  channel  portion  in  question,  a  layer  of  elec- 

trical  insulant  240  is  interposed  between  the  ejection 
channel  204  proper  and  the  electrical  part  formed  by  the 
resistance  205,  the  diode  31  and  the  electrical  connec- 

ts  tions.  The  layer  of  insulant  240  includes  three  areas  of 
different  thicknesses. 

The  first  area  Z1  is  situated  between  the  resistance 
205  and  the  channel  204.  This  area  has  an  "average" 
thickness  E1  ,  that  is  to  say  sufficient  to  insulate  the  re- 

50  sistance  and  channel  electrically,  while  being  low 
enough  to  allow  the  heat  to  pass  from  the  resistance  to 
the  channel  when  the  resistance  is  powered. 

In  this  specific  embodiment,  the  second  area  Z2  is 
situated  between  the  anode  31  a  of  the  diode  31  and  the 

55  channel  204.  This  area  has  a  low  thickness  E2,  forming 
the  dielectric  of  a  capacitor  230  thus  created  between 
the  anode  31a  of  the  diode  31  and  the  ink  contained  in 
the  channel  204.  In  other  configurations,  the  second  ar- 

25 
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ea  can  be  situated  between  other  designed  elements 
capable  of  transferring  the  energy  to  the  ink. 

The  third  area  Z3  is  situated  between  the  connec- 
tions  and  the  channel  204  and  has  a  high  thickness  E3 
to  afford  good  electrical  insulation. 

Thus,  when  an  electrical  signal  is  applied  to  the 
branch  including  the  resistance  and  diode  in  question, 
a  part  of  the  energy  of  this  signal  is  transmitted  to  the 
ink  contained  in  the  channel  204,  by  capacitive  effect 
through  the  area  of  insulant  of  low  thickness. 

The  location  of  the  area  Z2  of  insulant  of  low  thick- 
ness  E2,  and  its  dimensions,  are  determined  so  as  to 
transmit  energy  to  only  one  selected  channel. 

Referring  to  Figure  1  4,  a  common  connection  point 
CM1  to  CM8  is  connected  to  all  the  segment  connection 
points  SG1  to  SG8  through  a  resistance  205  in  series 
with  a  diode  31  .  The  anode  of  each  of  the  diodes  31  is 
connected  to  the  ink  contained  in  the  channel  204  as- 
sociated  therewith.  In  the  case  of  the  second  embodi- 
ment,  the  capacitive  connection  between  the  anode  of 
the  diode  and  the  ink  is  represented  by  the  capacitor 
230. 

If  there  is  ink  present  in  the  channel  204  in  question, 
it  conducts  between  the  capacitor  230  and  the  ink  res- 
ervoir  112,  that  is  to  say  as  far  as  the  capacitor  121 
formed  between  the  ink  in  the  reservoir  1  1  2  and  the  plate 
116b. 

If  there  is  no  more  ink  in  the  channel  204  in  question, 
electrical  conduction  no  longer  exists  between  the  ca- 
pacitor  230  and  the  reservoir  112. 

The  presence  or  absence  of  ink  in  the  channel  204 
is  represented  by  a  switch  220. 

Referring  to  Figure  15,  a  preferred  embodiment  of 
an  algorithm  according  to  the  second  embodiment  of  the 
invention  is  stored  in  the  read-only  memory  103  of  the 
printing  device.  The  algorithm  includes  the  steps  E80  to 
E98  for  checking  successively  the  operation  of  each  of 
the  channels  204. 

The  memory  109  includes  registers  for  storing  the 
current  values  of  two  working  variables  m  and  n,  which 
are  two  integers  between  1  and  8,  and  for  storing  two 
logic  state  values  EL1  and  EL2. 

Step  E80  is  the  positioning  of  the  carriage,  and 
therefore  of  the  printing  head,  opposite  an  area  situated 
outside  the  printing  medium,  for  example  close  to  the 
purge  pump  1  1  8.  The  two  variables  m  and  n  are  initial- 
ised  to  1  .  The  variable  n  relates  to  the  ranking  of  a  con- 
trol  signal  COMn,  between  1  and  8,  and  the  variable  m 
relates  to  the  ranking  of  a  control  signal  SEGm,  between 
1  and  8.  The  maximum  values  of  m  and  n  are  dependent 
on  the  number  of  ejection  channels,  equal  to  64  in  the 
example  described. 

Step  E80  is  followed  by  step  E81  ,  which  consists  of 
generating  a  pulse  (high  level)  for  the  signal  COMn.  The 
signal  COMn  generated  is  a  pulse  as  depicted  in  Figure 
8,  between  the  times  t0  and  t3,  corresponding  respec- 
tively  to  the  steps  E81  and  E86.  The  signal  COMn,  gen- 
erated  here  for  the  purpose  of  checking  the  operation  of 

the  printing  head,  is  identical  to  the  signal  generated  to 
eject  ink  in  order  to  print. 

As  a  variant,  the  pulse  generated  between  the  steps 
E81  and  E86  has  a  shorter  duration  than  a  pulse  for 

5  printing,  so  as  not  to  eject  ink,  while  being  sufficiently 
long  to  transmit  energy  to  the  ink. 

The  signal  COMn  gives  rise  to  a  transmission  of  en- 
ergy  to  the  ink.  This  energy  is  then  detected  via  the  con- 
ductive  plate  116b,  then  processed  by  the  conversion 

10  circuit  1  1  5  which  supplies  the  processing  circuit  1  00  with 
a  high  or  low  logic  state  EL  representing  the  normal  or 
abnormal  operation  of  the  printing  head  113.  The  logic 
state  E  L  is  the  result  of  the  detection  of  the  energy  trans- 
mitted  to  the  ink  contained  in  the  reservoir  112.  At  step 

is  E82,  the  processing  circuit  100  reads  the  value  of  the 
logic  state  EL  and  stores  it  in  the  random  access  mem- 
ory  109  under  the  variable  EL1  . 

The  following  step  E83  consists  of  generating  a 
pulse  (high  level)  for  the  signal  SEGm.  The  signal 

20  SEGm  generated  is  a  pulse  as  depicted  in  Figure  8,  be- 
tween  the  times  t-,  and  t2,  corresponding  respectively  to 
the  steps  E83  and  E85.  Like  the  signal  COMn,  the  signal 
SEGm,  generated  here  for  the  purpose  of  checking  the 
operation  of  the  printing  head,  is  identical  to  the  signal 

25  generated  to  eject  ink  in  order  to  print. 
As  a  variant,  the  pulse  generated  between  the  steps 

E83  and  E85  has  a  shorter  duration  than  a  pulse  for 
printing,  so  as  not  to  eject  ink,  while  being  sufficiently 
long  to  transmit  energy  to  the  ink. 

30  At  step  E84,  the  processing  circuit  100  reads  the 
value  of  the  logic  state  EL  and  stores  it  in  the  random 
access  memory  109  under  the  variable  EL2. 

The  signal  SEGm  returns  to  the  low  level  at  step 
E85  and  the  signal  COMn  returns  to  the  low  level  at  step 

35  E86. 
The  algorithm  then  moves  to  step  E87  to  test  wheth- 

er  the  variable  EL1  is  equal  to  1  . 
A  negative  response  to  step  E87  corresponds  to  an 

absence  of  ink  in  the  reservoir  112.  The  algorithm  moves 
40  to  step  E88  to  store  this  information  and  then  to  step 

E89  to  generate  an  alarm,  consisting  for  example  of  dis- 
playing  an  error  message  for  the  user  on  the  display 
104. 

An  affirmative  response  to  step  E87  is  followed  by 
45  step  E90  which  tests  whether  the  variable  EL2  is  equal 

to  1.  An  affirmative  response  corresponds  to  an  ab- 
sence  of  ink  in  the  channel  204  in  question.  This  infor- 
mation  is  stored  at  step  E91  and  an  alarm  is  generated 
at  step  E92.  The  alarm  is  for  example  the  display  of  an 

so  error  signal  on  the  display  104. 
A  negative  response  to  step  E90  and  to  step  E89 

and  E92  are  followed  by  step  E93,  which  tests  whether 
the  variable  m  is  equal  to  8. 

When  the  response  is  negative,  this  means  that 
55  there  are  still  channels  to  be  tested  ;  the  variable  m  is 

then  incremented  by  1  at  step  E94,  and  the  algorithm 
returns  to  step  E81  to  run  through  the  steps  previously 
described  for  another  channel. 

12 
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When  the  response  is  positive  at  step  E93,  the  al- 
gorithm  moves  to  step  E95  to  test  whether  the  variable 
n  is  equal  to  8,  that  is  to  say  whether  all  the  channels 
204  have  been  tested. 

When  the  response  is  negative,  this  means  that 
there  are  still  channels  to  be  tested,  and  the  variable  n 
is  incremented  by  1  and  the  variable  m  is  reinitialised  to 
1  at  step  E96.  The  algorithm  returns  to  step  E81  to  run 
through  the  steps  previously  described  for  another 
channel. 

When  the  response  is  positive  at  step  E95,  all  the 
channels  have  been  tested  and  the  algorithm  moves  to 
the  end-of-test  step  E98. 

Of  course,  the  present  invention  is  in  no  way  limited 
to  the  embodiments  described  and  depicted,  but  on  the 
contrary  encompasses  any  variant  within  reach  of  the 
man  skilled  in  the  art. 

Claims 

1  .  Device  for  checking  the  operation  of  a  unit  compris- 
ing  an  ink  reservoir  (112)  connected  to  at  least  an 
ink  transfer  means  (113,  204),  for  an  image  transfer 
device  (10), 
characterised  in  that  it  includes: 

a  means  (205,  31  ,  230)  for  transmitting  energy 
to  ink  contained  in  the  ink  transfer  means,  and 

a  means  (115,  100)  for  analysing  the  energy 
transmitted  to  the  ink,  with  a  view  to  checking 
the  operation  of  said  unit. 

2.  Image  transfer  device  (10)  including  a  unit  compris- 
ing  an  ink  reservoir  (112)  connected  to  at  least  an 
ink  transfer  means  (113,  204), 
characterised  in  that  it  includes: 

a  means  (205,  31  ,  230)  for  transmitting  energy 
to  ink  contained  in  the  ink  transfer  means,  and 

a  means  (115,  100)  for  analysing  the  energy 
transmitted  to  the  ink,  with  a  view  to  checking 
the  operation  of  said  unit. 

3.  Device  for  checking  the  operation  of  a  unit  compris- 
ing  an  ink  reservoir  (112)  connected  to  at  least  an 
ink  transfer  means  (113,  204)  for  an  image  transfer 
device  (10), 
characterised  in  that  includes: 

a  means  (110,  1  1  4)  for  generating  electrical  sig- 
nals, 

a  means  (205,  31  ,  230)  for  transmitting  energy 
from  the  electrical  signals  to  ink  contained  in 
the  ink  transfer  means, 

a  means  (121,  116)  for  detecting  the  energy 
transmitted  to  the  ink,  and 

a  means  (115)  for  producing  signals  represent- 
5  ing  the  operation  of  said  unit  according  to  the 

energy  detected. 

4.  Image  transfer  device  (1  0)  including  a  unit  compris- 
ing  an  ink  reservoir  (112)  connected  to  at  least  an 

10  ink  transfer  means  (113,  204), 
characterised  in  that  it  includes: 

a  means  (1  1  0,  1  1  4)  for  generating  electrical  sig- 
nals, 

15 
a  means  (205,  31  ,  230)  for  transmitting  energy 
from  the  electrical  signals  to  ink  contained  in 
the  ink  transfer  means, 

20  -  a  means  (121,  116)  for  detecting  the  energy 
transmitted  to  the  ink,  and 

a  means  (115)  for  producing  signals  represent- 
ing  the  operation  of  said  unit  according  to  the 

25  energy  detected. 

5.  Device  according  to  Claim  3  or  4,  characterised  in 
that  the  means  for  generating  is  a  means  (110,  114) 
for  generating  control  signals  for  the  ink  transfer 

30  means. 

6.  Device  according  to  any  one  of  Claims  1  to  5,  char- 
acterised  in  that  the  operation  of  said  unit  to  be 
checked  is  a  detection  of  a  presence  or  absence  of 

35  ink  in  the  reservoir  (112). 

7.  Device  according  to  Claim  5  and  6,  characterised 
in  that  it  comprises 

40  -  a  means  (116)  for  detecting  the  energy  trans- 
mitted  to  the  ink  by  said  electrical  signals,  and 

a  means  (115)  for  converting  the  energy  detect- 
ed  into  a  signal  (EL)  representing  a  presence 

45  or  absence  of  ink  in  the  reservoir. 

8.  Device  according  to  any  one  of  Claims  5  to  7,  char- 
acterised  in  that  it  comprises 

so  -  a  means  (116)  for  sensing  the  electromagnetic 
radiation  caused  by  the  energy  transmitted  to 
the  ink  by  said  control  signals,  and 

a  means  (115)  for  converting  the  electromag- 
55  netic  radiation  sensed  into  a  signal  (EL)  repre- 

senting  a  presence  or  absence  of  ink  in  the  res- 
ervoir. 

13 
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9.  Device  according  to  Claim  8,  characterised  in  that 
the  means  (116)  for  sensing  electromagnetic  radia- 
tion  is  a  metal  component  forming  an  antenna. 

10.  Device  according  to  any  one  of  Claims  8  to  9,  char- 
acterised  in  that  the  means  (116)  for  sensing  elec- 
tromagnetic  radiation  is  a  metal  ribbon. 

11.  Device  according  to  any  one  of  Claims  8  to  10,  in 
which  at  least  the  ink  transfer  means  (113)  is  able 
to  move  on  a  movement  path,  characterised  in  that 
the  means  (116)  for  sensing  electromagnetic  radia- 
tion  is  disposed  on  the  said  movement  path. 

1  2.  Device  according  to  any  one  of  Claims  8  to  1  1  ,  char- 
acterised  in  that  the  means  for  sensing  electromag- 
netic  radiation  is  disposed  on  the  ink  reservoir. 

1  3.  Device  according  to  any  one  of  Claims  8  to  1  2,  char- 
acterised  in  that  the  means  for  converting  the  elec- 
tromagnetic  radiation  sensed  comprises: 

a  comparator  (73)  for  comparing  a  signal  sup- 
plied  by  the  means  of  sensing  with  a  reference 
signal  (TR)  and  supplying  the  signal  (EL)  rep- 
resenting  the  absence  or  presence  of  ink,  ac- 
cording  to  the  result  of  the  comparison. 

14.  Device  according  to  any  one  of  Claims  1  to  5,  char- 
acterised  in  that  the  operation  of  said  unit  to  be 
checked  is  the  operation  of  said  at  least  one  transfer 
means  (204). 

15.  Device  according  to  Claim  14,  characterised  in  that 
the  means  for  transmitting  includes  a  first  capacitor 
(230)  positioned  between  the  means  for  generating 
and  the  ink  transfer  means  (204). 

16.  Device  according  to  Claim  15,  characterised  in  that 
the  first  capacitor  (230)  is  positioned  between  a 
means  (205,  31  )  of  triggering  the  transfer  of  ink  and 
the  ink  transfer  means  (204). 

17.  Device  according  to  Claim  15  or  16,  characterised 
in  that  the  first  capacitor  (230)  has  a  pole  formed  by 
the  ink  contained  in  the  ink  transfer  means  (204). 

18.  Device  according  to  Claim  17,  including  an  insulant 
(240)  between  the  trigger  means  (205,  31)  and  the 
ink  transfer  means  (204),  characterised  in  that  the 
insulant  comprises  an  area  (Z2)  of  predetermined 
thickness  (E2)  adapted  to  form  a  dielectric  of  the 
first  capacitor  (230)  between  a  pole  situated  in  the 
trigger  means  and  the  pole  formed  by  the  ink  con- 
tained  in  the  ink  transfer  means  (204). 

1  9.  Device  according  to  any  one  of  Claims  1  4  to  1  8,  for 
a  plurality  of  ink  transfer  means  (204),  character- 

ised  in  that  it  includes  a  means  (230)  for  transmitting 
energy  respectively  for  each  transfer  means  (204) 
in  said  plurality,  and  in  that  the  means  for  transmit- 
ting  (230)  for  one  of  the  transfer  means  (204)  trans- 

5  mits  energy  only  to  said  one  of  the  transfer  means. 

20.  Device  according  to  any  one  of  Claims  3  and  14  to 
1  9,  characterised  in  that  the  means  for  detecting  in- 
cludes  a  second  capacitor  (121). 

10 
21  .  Device  according  to  Claim  20,  characterised  in  that 

the  second  capacitor  includes  a  first  pole  formed  by 
a  conductive  plate  (116)  and  a  second  pole  formed 
by  ink. 

15 
22.  Device  according  to  Claim  21  ,  characterised  in  that 

the  conductive  plate  is  positioned  on  said  reservoir 
(112)  containing  ink  and  connected  to  the  ink  trans- 
fer  means. 

20 
23.  Device  according  to  Claim  22,  characterised  in  that 

the  reservoir  is  formed  at  least  partially  from  an  in- 
sulating  material. 

25  24.  Device  according  to  any  one  of  Claims  3  and  14  to 
23,  characterised  in  that  the  means  for  producing 
includes: 

a  comparator  (73)  for  comparing  the  energy  de- 
30  tected  with  a  reference  signal  (TR)  and  supply- 

ing  a  signal  (EL)  representing  the  operation  of 
the  ink  transfer  means,  according  to  the  result 
of  the  comparison. 

35  25.  Method  of  checking  the  operation  of  a  unit  compris- 
ing  an  ink  reservoir  (112)  connected  to  at  least  an 
ink  transfer  means  (113,  204),  for  an  image  transfer 
device  (10), 
characterised  in  that  it  includes  the  steps  of: 

40 
-  transmitting  (E10,  E21,  E31,  E81,  E83)  energy 

to  ink  contained  in  the  ink  transfer  means,  and 

analysing  (E14,  E23,  E33,  E87,  E90)  the  ener- 
45  gytransmittedtothe  ink,  with  aviewtochecking 

the  operation  of  said  unit. 

26.  Method  of  checking  the  operation  of  a  unit  compris- 
ing  an  ink  reservoir  (112)  connected  to  at  least  an 

so  ink  transfer  means  (113,  204),  for  an  image  transfer 
device  (10), 
characterised  in  that  it  includes  the  steps  of: 

generating  (E1  0,  E21  ,  E31  ,  E81  ,  E83)  electrical 
55  signals,  to  transmit  energy  from  the  electrical 

signals  to  ink  contained  in  the  ink  transfer 
means, 

30 
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-  detecting  (E1  2,  E22,  E32,  E82,  E84)  the  energy 
transmitted  to  the  ink,  and 

producing  (E12,  E22,  E32,  E82,  E84)  signals 
representing  the  operation  of  the  ink  transfer  s 
means  according  to  the  energy  detected. 

27.  Method  according  to  Claim  25  or  26,  characterised 
in  that  the  operation  of  said  unit  to  be  checked  is  a 
detection  of  a  presence  or  absence  of  ink  in  the  res-  10 
ervoir  (112). 

28.  Method  according  to  Claims  26  and  27,  character- 
ised  in  that  it  includes  the  step  (E12,  E22,  E32)  of 
detecting  the  energy  transmitted  to  the  ink  by  said  15 
electrical  signals  simultaneously  with  the  transfer  of 
ink. 

29.  Method  of  transferring  an  image  comprising  the 
step  of  transferring  ink  coming  from  a  reservoir  20 
(112)  to  a  printing  medium  by  means  of  a  control 
means  using  electrical  signals,  characterised  in  that 
it  comprises  the  step  (E12,  E22,  E32)  of  detecting 
the  energy  transmitted  to  the  ink  by  the  electrical 
signals  simultaneously  with  the  ink  transfer  step.  25 

30.  Method  according  to  any  one  of  Claims  26  to  29, 
characterised  in  that  the  step  of  detecting  the  ener- 
gy  transmitted  to  the  ink  comprises: 

30 
sensing  the  electromagnetic  radiation  emitted 
by  the  ink  when  the  energy  is  transmitted  to  the 
said  ink  by  the  said  electrical  signals. 

31.  Method  according  to  any  one  of  Claims  25  to  30,  35 
characterised  in  that  it  comprises,  for  a  line  to  be 
printed,  the  steps  of: 

detecting  (E12)  the  energy  transmitted  to  the 
ink  by  the  said  electrical  signals  simultaneously  40 
with  the  printing  of  the  line,  and 

interrupting  (E15)  printing  if  the  energy  detect- 
ed  is  below  a  threshold  (TR)  and  continuing 
printing  if  it  is  not.  45 

32.  Method  according  to  any  one  of  Claims  25  to  30  for 
an  image  transfer  device  of  the  ink  jet  type  compris- 
ing  several  ink  reservoirs,  characterised  in  that  it 
comprises  the  steps  of:  so 

positioning  (E20)  the  transfer  means  (113)  op- 
posite  an  area  situated  outside  the  printing  me- 
dium, 

55 
controlling  (E21)  the  ejection  by  the  transfer 
means  (1  1  3)  of  a  predetermined  number  of  ink 
drops, 

detecting  (E22)  the  energy  transmitted  to  the 
ink  by  the  said  electrical  signals  simultaneously 
with  the  ejection  of  ink, 

repeating  the  controlling  and  detecting  steps 
for  each  of  the  ink  reservoirs,  and 

activating  (E24)  an  alarm  if  the  energy  detected 
is  below  a  threshold  (TR). 

33.  Method  according  to  Claim  32,  characterised  in  that 
it  is  implemented  between  the  printing  of  two  pages 
of  a  document. 

34.  Method  according  to  any  one  of  Claims  25  to  30, 
characterised  in  that  it  comprises  the  steps  of: 

positioning  (E30)  the  transfer  means  (1  1  3)  op- 
posite  an  area  situated  outside  the  printing  me- 
dium, 

controlling  (E31)  the  ejection  by  the  transfer 
means  (1  1  3)  of  a  predetermined  number  of  ink 
drops, 

detecting  (E32)  the  energy  transmitted  to  the 
ink  by  the  said  electrical  signals  simultaneously 
with  the  ejection  of  ink,  and 

repeating  the  controlling  and  detecting  steps  so 
long  as  the  energy  detected  is  below  a  thresh- 
old  (TR). 

35.  Method  according  to  any  one  of  Claims  32  to  34, 
characterised  in  that  the  area  situated  outside  the 
printing  medium  is  situated  level  with  a  pump  for 
purging  the  ejection  means. 

36.  Method  according  to  Claim  25  or  26,  characterised 
in  that  the  operation  of  said  unit  to  be  checked  is 
the  operation  of  said  at  least  one  transfer  means 
(204). 

37.  Method  of  checking  the  operation  of  a  plurality  of 
ink  transfer  means  (204)  for  an  image  transfer  de- 
vice  (10), 
characterised  in  that  it  includes  the  steps  of: 

generating  (E81,  E83)  electrical  signals,  to 
transmit  energy  from  the  electrical  signals  to  ink 
contained  in  a  single  ink  transfer  means  in  the 
said  plurality, 

detecting  (E82,  E84)  the  energy  transmitted  to 
the  ink,  and 

producing  (E82,  E84)  signals  representing  the 
operation  of  the  said  single  ink  transfer  means 
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according  to  the  energy  detected. 

38.  Method  according  to  Claim  37,  characterised  in  that 
the  steps  of  generating,  detecting  and  producing 
are  effected  for  each  of  the  ink  transfer  means. 

39.  Method  according  to  any  one  of  Claims  36  to  38, 
characterised  in  that  the  step  of  detecting  includes 
the  step  of  deriving  a  first  signal  (S1)  representing 
the  said  energy  detected. 

40.  Method  according  to  Claim  39,  characterised  in  that 
the  step  of  producing  includes  the  step  of  converting 
the  first  signal  to  a  second  signal  (EL,  EL1,  EL2) 
representing  the  operation  of  the  ink  transfer 
means. 

41.  Method  according  to  Claim  39  or  40,  characterised 
in  that  the  step  of  producing  includes  the  compari- 
son  of  the  first  signal  with  a  predetermined  thresh- 
old  (TR). 

42.  Method  according  to  any  one  of  Claims  36  to  41  , 
characterised  in  that  it  includes  the  prior  step  of  po- 
sitioning  (E80)  the  transfer  means  (204)  opposite 
an  area  situated  outside  the  printing  medium. 

43.  Method  according  to  Claim  42,  characterised  in  that 
the  area  situated  outside  the  printing  medium  is  sit- 
uated  level  with  a  purge  pump  (118)  for  the  transfer 
means. 

44.  Printing  head  (113)  for  an  image  transfer  device, 
having  a  plurality  of  ink  transfer  channels  (204), 
characterised  in  that  it  includes  for  each  channel  in 
the  said  plurality  of  ink  transfer  channels  a  means 
(230)  for  transmitting  energy  to  ink  contained  in  the 
said  channel. 

45.  Printing  head  (113)  according  to  Claim  44,  charac- 
terised  in  that  the  transmission  means  is  a  capacitor 
(230). 

46.  Printing  head  (113)  according  to  Claim  45,  having 
for  each  of  the  transfer  means  in  the  said  plurality 
an  insulant  (240)  between  a  trigger  means  (205,  31  ) 
and  the  ink  transfer  means  (204),  characterised  in 
that  the  insulant  comprises  an  area  (Z2)  of  prede- 
termined  thickness  (E2)  adapted  to  form  a  dielectric 
of  the  capacitor  (230)  between  a  pole  formed  by  the 
anode  (31a)  of  a  diode  (31)  included  in  the  trigger 
means,  and  the  pole  formed  by  the  ink  contained  in 
the  ink  transfer  means  (204). 

47.  Ink  reservoir  (112)  for  an  image  transfer  device, 
characterised  in  that  it  includes  a  conductive  plate 
(116)  positioned  on  a  portion  of  the  reservoir  made 
of  insulating  material,  opposite  the  ink  contained  in 

the  reservoir,  the  said  portion  made  of  insulating 
material  being  situated  between  the  plate  and  the 
ink. 

5  48.  Use  of  the  reservoir  according  to  Claim  47  and  of 
the  printing  head  according  to  any  one  of  Claims  44 
to  46,  the  said  reservoir  being  connected  to  the  said 
printing  head  by  a  junction  pipe  (200),  to  detect,  by 
means  of  the  conductive  plate,  an  energy  transmit- 

10  ted  to  the  ink  contained  in  the  said  channel,  with  a 
view  to  checking  the  operation  of  the  said  channel. 

49.  Printer  including  an  image  transfer  device  accord- 
ing  to  any  one  of  Claims  2  and  4  to  24. 

15 
50.  Printer  using  the  method  according  to  any  one  of 

Claims  25  to  43. 

51.  Printer  including  a  printing  head  according  to  any 
20  one  of  Claims  44  to  46. 

52.  Printer  including  a  reservoir  r  of  ink  according  to 
Claim  47. 

25  53.  Facsimile  machine  including  an  image  transfer  de- 
vice  according  to  any  one  of  Claims  2  and  4  to  24. 

54.  Facsimile  machine  using  the  method  according  to 
any  one  of  Claims  25  to  43. 

30 
55.  Facsimile  machine  including  a  printing  head  ac- 

cording  to  any  one  of  Claims  44  to  46. 

56.  Facsimile  machine  including  a  reservoir  of  ink  ac- 
35  cording  to  Claim  47. 
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